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ABSTRACT 
Southern California Edieon is currently 
conducting a program to collect end-use metered 
data from commercial buildings in its service area. 
The data will provide actual measurements of end- 
use loads and will be used in research and in 
designing energy management programs oriented 
toward end-use applications. 
The focus of the program is on five major 
types of commercial buildings: offices, grocery 
stores, restaurants, retail stores, and warehouses. 
End-use metering equipment is installed at about 50 
buildings, distributed among these five types. The 
buildings selected have average demands of 100 to 
300 kW. The metered end-uses vary among building 
types and include HVAC, lighting, refrigeration. 
plug loads, and cooking. 
Procedures have been custom-designed to 
facilitate collection and validation of the end-use 
load data. For example, the Load Profile Viewer is 
a PC-based software program for reviewing and 
validating the end-use load data. 
INTRODUCTION 
Southern California Edison is sponsoring the 
collection of electrical end-use load data in 57 
commercial buildings. The purpose is to obtain 
actual measurements of end-use load profiles for 
research and data analysis. 
This data collection project has been given 
the name RESA as an acknowledgment to the four 
companies that have been a part of the project. 
The four companies are: Robinton Products, Inc. 
(RPI) of Sunnyvale, CA (electrical transducers and 
ALICE 5 ) ,  Electrical Systems Testing (EST) of 
Garden Grove, CA (installation contractors). 
Southern California Edison (SCE) of Rosemead, CA 
(project sponsor), and ADM Associates (ADM) of 
Sacramento, CA (site engineering and data 
validation). 
The sites selected for this study are a subset 
of a group of 375 buildings for which detailed on- 
site surveys had been performed. The surveys 
contain information about the buildings type, size, 
operational characteristics, and electrical 
equipment. 
All sites are located in SCE service area and 
range from as far north as Tulare, south to Mission 
Viejo, east to Palm Desert, and west to Ventura. 
The primary considerations in selection of 
buildings were: building type, electric demand, the 
region in which the building is located, and 
cooperation of the building manager. The electric 
demand of the buildings range from 100 to 300 kW. 
Table 1 shows the distribution of building types 
included in this study. 
Grocery 16 
Office 12 
Restaurant 16 
(Full service) (12) 
(Fast food) ( 4 )  
Retail, dry goods 10 
Warehouse, unrefrig. 3 
- - - -  
TOTAL 57 
Table 1 Distribution of Building Types 
MONITORING METHODOLOGY 
The monitoring methodology is designed to 
collect the major end-use load types for each 
building type. Not all electric loads are 
monitored since it can often take much expenditure 
in time, equipment, and effort to collect these 
data. The end-uses that have been selected as 
significant contributing factors to the total load 
include: lighting, W A C ,  refrigeration, plug-load, 
exhaust, and cooking. Table 2 shows the end-use 
monitored in each building type. 
!~~QWXY Of f i ce  Restaurant Retail h w h o u s e  
Lighting Lighting Lighting Lighting Lighting 
HVAC W A C  W A C  W A C  Total 
Temp. Temp. Temp. Temp. 
Refrig. Plugs Refrig. Total 
Total Total Exhaust 
Cooking 
Total 
Table 2 End-Use by Building Type 
The selection of W A C  aa an end use is an 
important consideration since cooling loads have a 
significant impact on the peak demands in SCE's 
service area. Most of the air conditioning systems 
monitored in this study are packaged units. 
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Buildings with built-up HVAC systems have the 
chiller and cooling tower monitored separately from 
the air handler. The lighting monitored is 
generally from the primary lighting system which is 
used in a building and in some cases may also 
include the outside lighting. The refrigeration 
loads monitored in grocery stores and restaurants 
are from the compressors and cooling tower. The 
exhaust monitored in restaurants comes from the 
kitchen exhaust hood fans and any evaporative 
coolers which supply make-up air. 
In the buildings where the HVAC is measured, 
temperature is also measured. Measurement of the 
indoor temperature is a secondary measurement used 
as an aid when validating the WAC loads. In 
circumstances where the HVAC system is an electric 
heat pump, the temperature probe is placed in the 
supply duct of the unit. This allows the mode of 
operation (heating or cooling) to be determined. 
The outdoor temperature is also collected at 
several locations, each in close proximity to a 
group of monitored buildings. Ambient dry bulb 
temperature and relative humidity data are combined 
with the end-use data to enhance analysis 
capabilities. 
EQUIPMENT INSTALLATION & VERIFICATION 
Generally there are three types of 
measurements made at each site. They are the 
electrical end-uses, the total electric billing 
load, and temperature. The electrical energy used 
by the end-uses are measured with Robinton Electric 
ARM watt-hour transducers; the total electric 
billing load uses a Pulse Initiating Watt-Hour 
Meter; and the temperature is measured with a 
temperature transponder. The electrical end-uses 
are typically located in different parts of a 
building. To bring the measurements together at 
one central location, a set of power-line carrier 
signal transponders and receivers are used. The 
central piece of equipment at each site is the Load 
Profile Recorder. 
Before an installation is started, site visits 
are made to collect specific information about the 
building wiring and end-use sizes. Electrical 
circuits to be monitored in a building are first 
identified using the labeling on the electrical 
panels. Then verification of the loads on the 
designated circuits may include switching breakers 
on and off, following conduit, or using a current 
tracer. A single line diagram is made showing the 
major electrical systems in the building. From the 
diagram a monitoring plan is designed. An example 
of a single line diagram is shown in Figure 1. 
The installation of equipment begins with the 
watt-hour transducers. The watt-hour tranaducerr 
utilize current transformers to step-down the 
current used by the end-uee. The current 
transformers are donut shaped and wire wound around 
a solid core. The circuits to be monitored must be 
turned off and disconnected to insert the circuit 
wiring through the center of the current 
transformer. The watt-hour transducers output 
pulses that are proportional to the electrical 
energy use measured. There is a multiplying factor 
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corresponding t o  each watt-hour t ransducer ,  the 
cur ren t  transformer winding r a t i o ,  and the  r a t i o  of  
any p o t e n t i a l  t r a n s f o r m e r s  u s e d .  P o t e n t i a l  
transformers a r e  used i n  bui ldings with 277/480 
Volt se rv ice .  
Power-line c a r r i e r  transponders and receivers  
a r e  used t o  send s i g n a l s  on the bu i ld ing  wir ing 
from remotely loca ted  meaauring equipment t o  a 
c e n t r a l l y  located rece iver .  The transponders send 
t h e i r  a ignale  approximately once every minute (but  
send the l a s t  ten minutes of  pulse information), 
while the rece ivers  c o l l e c t  the information and 
d e l a y  o u t p u t t i n g  t h e  p u l s e  d a t a  f o r  f i f t e e n  
minutes. Therefore pulse da ta  on channels using 
t h e  r e c e i v e r s  a r e  skewed f i f t e e n  minutes  from 
channels t h a t  a r e  wired d i r e c t l y  t o  the recorder .  
The data  is  s to red  on s i t e  i n  Load P r o f i l e  
Recordera. Pulse information is s t o r e d  i n  memory 
c h i p s  w i t h  up t o  f o u r  c h a n n e l s  o f  d a t a  p e r  
recorder ,  The recorders  and receiver  a r e  general ly  
mounted i n  the  main e l e c t r i c a l  power room. The 
r e c o r d e r s  communicate w i t h  a c e n t r a l  computer 
s t a t i o n  v i a  phone l i n e s .  The recorders  must be 
i n i t i a l i z e d  over t h e  phone l i n e s  with p e r t i n e n t  
information such a s  an iden t i fy ing  code, phone 
number t o  c a l l ,  how o f t e n  they should c a l l  the 
c e n t r a l  computer, e t c .  
The i n e t a l l a t i o n  of the monitoring equipment 
at each s i t e  took from two days t o  two weeks 
depending on the complexity of the wiring. The 
i n s t a l l a t i o n  process included mounting metering 
boxes, running conduit,  opening panels and placing 
c u r r e n t  t r a n s f o r m e r s  on c i r c u i t s ,  and a l l  
a ssoc ia ted  wiring, connection of  the  phone l i n e s  t o  
t h e  r e c o r d e r s ,  and on s i t e  i n i t i a l i z a t i o n  o f  
recorders .  
Poet i n a t a l l a t i o n  v e r i f i c a t i o n s  were performed 
a t  each of the a i t e  i n s t a l l a t i o n s .  Each s i t e  was 
v i e i t e d  and measurements were made on each channel. 
Channela with watt-hour t ransducers  used a s p e c i a l  
hand-held terminal t o  receive a d i r e c t  read-out  of 
the load power draw on each of the  phases of the 
measured c i r c u i t s .  Most of t h e  channels i n  t h i s  
etudy monitor e l e c t r i c a l  loads supplied by th ree  
phase power. The d i r e c t i o n  the cur ren t  transformer 
is  placed on a c i r c u i t  makes a c r i t i c a l  d i f fe rence  
i f  a c o r r e c t  measurement is t o  be made. The 
cur ren t  i n  each c i r c u i t  was measured with a clamp- 
on ammeter, the vol tage was measured with a mult i -  
meter, and t h e  r e s u l t i n g  maximum power draw was 
ca lcu la ted  f o r  each phase and the r e s u l t s  compared 
with the readings from the  hand-held terminal .  I f  
a discrepancy e x i s t e d ,  the  problem was t raced down 
and corrected.  The pulse output f o r  each channel 
waa counted f o r  one minute and the  appropriate  
ca lcu la t ions  were made on e i t e  t o  compare these 
r e s u l t s  with the previously described measurement. 
Puleee were counted on the  LEDs mounted on the  
recorder  and with a spec ia l  counter t h a t  a t t ached  
t o  t h e  w a t t - h o u r  t r a n s d u c e r .  Problems w i t h  
reversed cur ren t  tranaformers, bad t ransducers ,  and 
ewapped phaeee were the  most common. Once a l l  of 
the channels had been v e r i f i e d  f o r  a s i t e ,  i t  was 
then allowed t o  be i n i t i a l i z e d .  Documentation of 
t h e  measurements t aken  d u r i n g  t h e  v e r i f i c a t i o n  
v i s i t s  have been prepared. 
COLLECTION VALIDATION 
The da ta  c o l l e c t i o n  s t a r t s  with the  recorder 
t r a n s f e r r i n g  i ts da ta  t o  a DEC based ALICE 5 Data 
Acquisi t ion System. The d a t a  f o r  a l l  channels a r e  
c o l l e c t e d  i n  5 minute i n t e r v a l s .  Every two weeks 
the  d a t a  a r e  t r a n s f e r r e d  v i a  a 9 - t rack  tape t o  
another computer system where the  v a l i d a t i o n  of the 
data  takes place.  
A Data V a l i d a t i o n  System (DVS) s o f t w a r e  
package t h a t  operates  on PC-based hardware has been 
developed t o  allow " r e a l  timen da ta  va l ida t ion .  
DVS is designed t o  load monitored d a t a  i n t o  a da ta  
base, pass the data  through an automated data  
v a l i d a t i o n  rou t ine ,  provide a means t o  view the 
d a t a  i n  g r a p h i c a l  form, produce c h a r t s ,  and 
maintain t h e  d a t a  base.  A s e t  of Master F i l e s  is  
used t o  spec i fy  information about each channel o f  
d a t a  t h a t  i s  s t o r e d  i n  t h e  d a t a  b a s e .  The 
remainder of  t h i s  paper w i l l  d i scuss  the  s t e p s  used 
by DVS and how they a r e  used t o  insure the q u a l i t y  
of the da ta .  
DVS OPERATIONS 
Once t h e  9 - t r a c k  da ta  tapes a r e  a v a i l a b l e ,  
they a r e  t rans fe r red  t o  t h e  micro-computer d a t a  
base v i a  a tape dr ive .  However, before any da ta  
a r e  t ransmit ted t o  the d a t a  base, a Master F i l e  
must be updated ( t o  r e f l e c t  new s i t e s  t h a t  may be 
presen t  i n  the  da ta )  wi th in  the da ta  base to d i r e c t  
the incoming d a t a .  The Master F i l e  consfats  of 
Device and Channel I d e n t i f i c a t i o n  forms. Hare each 
recorder  is  r e f e r r e d  t o  a s  a s ing le  device with a 
unique i d e n t i f i c a t i o n  number. Each device contains  
up t o  four  channels of  d i f f e r e n t  end-use monitoring 
d a t a ,  each channel with a unique i d a n t i f i c a t i o n  
number. The Device I d e n t i f i c a t i o n  Form c o n s i s t s  o f  
information such a s  the  s i t e  l o c a t i o n ,  the  number 
of channels i t  contains  and the pulse i n t e r v a l  
s i z e .  The Channel I d e n t i f i c a t i o n  Form contains  
information such a s  the type of end-use monitored, 
minimum and maximum loads and d i f f e r e n t  m u l t i p l i e r s  
used f o r  convert ing pulse da ta  i n t o  engineering 
u n i t s .  The channel form a l s o  includes the maximum 
number of  c o n s e c u t i v e  z e r o s  a l lowed f o r  t h e  
channel.  Such information i s  used f o r  automated 
data  v e r i f i c a t i o n ,  which takes place every time 
a d d i t i o n a l  d a t a  a r e  t r a n s f e r r e d  t o  the data  base. 
The system ass igns  e r r o r  f l a g s ,  which appear 
on the graphical  p resen ta t ion  a s  d i f f e r e n t  c o l o r s ,  
t o  d a t a  values which exceed the ranges s p e c i f i e d  i n  
each respec t ive  channel I D  master f i l e .  The data  
can be flagged f o r  exceeding t h e  maximum load o r  
f o r  going below the minimum load spec i f ied .  An 
e r r o r  f l a g  i s  a l s o  assigned i f  a channel c o l l e c t 8  
no pulses  f o r  a longer  period of time than t h a t  
s p e c i f i e d  by the maximum consecutive zero e n t r i e s  
allowed i n  the device I D  f i l e .  For example a 
r e f r i g e r a t i o n  channel may have an acceptable  no 
pulse period of only four  hours while a l i g h t i n g  
channel may c o l l e c t  no pulses  f o r  up t o  fourteen 
consecutive hours (overnight)  and not  be flagged a s  
an e r r o r .  
During the nex t  s t a g e ,  e r r o r  exception r e p o r t s  
a r e  p r in ted  which give a l i s t i n g  of the number of 
e r r o r s  found during automated v a l i d a t i o n  f o r  the  
newly t r a n s f e r r e d  d a t a  f o r  every channel i n  t h e  
ESL-HH-88-09-52
Proceedings of the Fifth Symposium on Improving Building Systems in Hot and Humid Climates, Houston, TX, September 12-14, 1988
Master File and the specific times of occurrences 
for the different error types. The next step is 
viewing the data in its graphical form through the 
use of the Load Profile Viewer (LPV). The color 
graphs presented by LPV also include an average 
line for each channel which is superimposed on the 
newly transferred data as a guideline to show how 
the channel behaved in the previous weeks. The 
average line is a profile that is unique for every 
day of the week. It represents a cumulative 
running average for the number of weeks specified 
in the master file. The average profile acts as a 
template and is an important tool used to validate 
new data. An example of this is shown in Figure 2 
where the average line appears as white as a 
contrast to the solid representation of the actual 
data that shows up as black. 
Pmazlbnu 
4:SC14M4015101L4 
I Intarwl S l u  = 5 D.u . 7 I 
Fig. 2 Load Profile Viewer screen showing 7 days 
of Total Electric load for a Retail store 
showing the average file superimposed on 
the data as a white line. 
LPV OPERATIONS 
LPV offers various features which allow the 
data to be presented in different ways. A single 
channel can be presented with data anywhere from 
one day up to a full week of seven days. This can 
be viewed in the Animated mode, which lets the data 
scroll horizontally on the screen, or in the non- 
animated mode which presents the data in stationary 
screens. The data for all channels, ( except 
temperature channels) can be viewed all at once 
through the use of the Summary Channel. An example 
of a summary channel illustrating one day worth of 
data is shown in Figure 3. Each line graph 
. .- r i m :  0.0 w ' LN - 
PNJSED. Piram I fnYII l  (o mnilm. 
Fig. 3 LPV screen of a one day plot showing all 
four channels plotted with hourly data. 
represents the data for an individual channel. A 
comparison of Figure 3 with Figure 4 highlights 
another feature of the LPV. This feature allows 
for the change of the interval size for the data to 
be graphed. In other words the data can be graphed 
in five minute, 15 minute, 30 minute or hourly 
intervals and this can be changed inrtantaneously. 
Figure 3 shows the data in hourly intervals while 
Figure 4 shows the same data further refined into 5 
minute intervals, which produces more detail. 
Fig. 4 LPV screen of a one day plot showing all 
four channels plotted with 5 minute data. 
The data for the Total Channel are gathered by 
the LPR through the use of the pulse output of the 
billing meter and therefore represents the total 
electrical energy usage at the site rather than the 
summation of all the channels being monitored. 
Hence one should not expect the line graphs of 
other channels to add to equal the total channel's 
output while viewing the summary channel. 
On the other hand, an error could be detected 
by noticing the relative changes of each channel. 
For example if the summary channel shows that the 
HVAC has dropped to zero and the other channels are 
relatively constant, then the Total channel must 
show a decrease at the time the HVAC shows no 
pulses. If not, then the data are invalid; an 
example of this is shown in Figure 5. Having the 
total channels fall to zero while other channels 
show recorded pulses ih a definite sign of 
equipment failure and invalid data. Trouble can 
also be detected for a temperature transponder by 
viewing the respective ~ei~erature channel. 1f 
there are sporadic range errors, or sudden 
temperature changes then there most likely is 
equipment malfunction which must be acted upon. An 
example of the temperature transponder sporadically 
failing to communicate with the receiver is mhown 
in Figure 6. The high, off of the scale readings 
for temperature indicate that there were no pulres 
collected for that time period. Am problems are 
found with the data, Trouble Reporte are filled out 
to document problems in the data and to alert the 
electrical installers that a maintenance visit is 
required. 
The data in this project are being validated 
nearly on a "real time" basis, with only a two week 
time lag in the data collection process. Examples 
of the profile data being collected are shown in 
Figures 7 and 8. 
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ELECTRICAL END-USE LOAD PROFILE 
DEVICE ID: RESA09CRY2 
DATE: 05/22/88 
LIGHTING 
-..-..-..- 
REFRIGERATION 
COMPRESSOR 
- - - - - - . 
REFRIGERATION 
COOLING TOWER 
TOTAL 
TIME OF DAY 
~ i g . . 5  On. day plot of &ta from a grocery store showing two error 
condltione. A power loas occurred a 11:30 An, and a lo s s  of the 
tranmponder a ignal  occurred a t  2:30  PM on the re fr igera t ion  
compreesor channel. 
ELECTRICAL END-USE LOAD PROFILE 
DEVICE ID: RESA02RSTl  
DATE: 05/20/88 
N 
.-- 
- TIME OF DAY 
TEMPERATURE 
.... ......... 
Fig. 6 One day plot showing bad temperature data occurring sporadically 
after 4 PM. 
340 
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ELECTRICAL END-USE LOAD PROFILE 
DEVICE ID: RESA06RST 
DATE: 05/20/88 
LIGHTING 
TEMPERATURE 
............. 
REFRIGERATION 
- - - - .  
COOKING 
....... 
TOTPL 
I- 3 I Z I I I =f 0 a a 2 * m 0 
Z Z t 00 
0 N 
I r 
N 
7 
TIME OF DAY 
Fig. 7 Profile of a fast food Restaurant. 
ELECTRICAL END-USE LOAD PROFILE 
DEVICE ID: RESAOlRTLl 
DATE: 05/20/88 
100 8 0  LIGHTING 
-..- ..-... 
HVAC 
80 ------ .  
V) 75 TEMPERATURE 
..... t.. a 
t.. 
J " TOTPL c j  - 
0 7 0  
d 
4 0  
65  
2 0  
0 6 0  
F y s s T Z s Q s 00 4 3 P 9) 2 V 9) 
9 .- 
TIME OF DAY 
Fig. 8 Profile of a Retail Store. 
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CONCLUSION 
This study is on the forefront  of end-use data  
co l lec t ion  i n  commercial buildings because the data  
are  being v e r i f i e d  and val idated on a  s t a t e - o f - t h e -  
a r t  Data Validation System and i n  a  timely manner. 
I t  has been shown t h a t  data  can be val idated on a  
" r e a l  time" bas i s  so t h a t  the qua l i ty  of the 
c o l l e c t e d  d a t a  c a n  be main ta ined .  D e t a i l e d  
information on these s i t e s  support the data  t h a t  
a re  being co l lec ted  so t h a t  they can confident ly be 
used f o r  ana lys i s .  
These d a t a  p rov ide  a  u s e f u l  t o o l  t o  
researchers i n  studying e l e c t r i c a l  end-use load 
prof i l es .  They provide data  which, a f t e r  being 
properly analyzed, can be used t o  d i r e c t  marketing 
s t r a t e g i e s .  
The da ta  c o l l e c t i o n  phase of the study war 
s t a r t e d  i n  May 1988. The da ta  c o l l e c t i o n  f o r  t h i s  
study is scheduled t o  continue f o r  two years .  A l l  
d a t a  c o l l a c t e d  w i l l  p a s s  th rough  t h e  Data 
Validat ion System. 
A s  a  r e s u l t  of the l eve l  of e f f o r t  by a l l  
p a r t i e s  involved i n  t h i s  p ro jec t ,  the capture r a t e  
f o r  the  d a t a  has been very high. To d a t e  93 
percent of the da ta  has passed the va l ida t ion  
c r i t e r i a  a s  good data .  which is a much higher r a t e  
than has been achieved i n  any comparable da ta  
c o l l e c t i o n  p r o j e c t s .  
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